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HAND HELD PRINTER CORRELATED TO FILL-OUT TRANSITION 
PRINT AREAS 

Technical field 

The present invention pertains to a hand-operated printing device having a print 
head assembly for a hand-held and hand-operated printing on a print medium controlled by a 
5 processor, and a method therefore, so called Random Movement Printing Technology 
(RMPT). Specifically it provides enhanced image quality for sectional printing of an image by 
means of a printing transition partem. 

Background art 

Hand-held and hand-operated printing devices with an ink-jet print head are 

1 0 known through various documents. 

US patent No. 5,927,872 by Yamada discloses a system and a method of 
printing an image represented by a frame of image data utilizing a hand-held printer having 
optical sensor means for tracking positions of the hand-held printer relative to the surface of a 
print medium during a printing process. It is monitored in real time using navigation 
1 5 information generated by the optical sensor. 

Each optical sensor comprises an array of opto-electronic elements to capture 
images of the surface of a print medium at fixed time intervals. Preferably, the optical sensor 
means can detect slight pattern variations on the print medium, such as paper fibers or 
illumination pattern formed by highly reflective surface features and shadowed areas between 
20 raised surface features. These features can then be used as references for determimng the 
position and the relative movement of the hand-held printer. During the printing process, the 
hand-held printer can also use the printed portions of the image as reference positions. 

In the preferred embodiment, the hand-held printer contains a navigation 
processor and a printer driver. Using the printer driver, the navigation processor drives the 
25 hand-held printer to print segments of the image onto a print medium as the hand-held printer 
travels across the print medium during a printing process. Each segment of the image is 
printed onto a particular location on the print medium to form a composite of the image. 

In the US patent No. 6,233,368 Bl by Badyal et al it is taught a CMOS digital 
integrated circuit (IC) chip on which an image is captured, digitized, and then processed on- 
30 chip in substantially the digital domain. 

A preferred embodiment comprises imaging circuitry including a photo cell 
array for capturing an image and generating a representative analog signal, conversion 
cisouitry including an n-bit successive approximation register (SAR) analog-to-digital 
converter for converting the analog signal to a corresponding digital signal, filter circuitry 
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including a spatial filter for edge and contrast enhancement of the corresponding image, 
compression circuitry for reducing the digital signal storage needs, correlation circuitry for 
processing the digital signal to generate a result surface on which a minima resides 
representing a best fit image displacement between the captured image and previous images, 
5 interpolation circuitry for mapping the result surface into x- and y-coordinates, and an 
interface with a device using the chip, such as a hand-held scanner. 

The filter circuitry, the compression circuitry, the correlation circuitry and the 
interpolation circuitry are all embodied in an on-chip digital signal processor (DSP). The DSP 
embodiment allows precise algorithmic processing of the digitized signal with almost infinite 
10 hold time, depending on storage capability. The corresponding mathematical computations 
are thus no longer subject to the vagaries of CMOS chip structure processing analog signals. 
Parameters may also be programmed into the DSP's software making the chip tunable, as well 
as flexible and adaptable for different applications. 

US patent No. 5,644,139 by Allen et al discloses a scanning device and a method 
15 for forming a scanned electronic image including the use of navigation information that is 
acquired along with image data, and then rectifying the image data based upon the navigation 
and image information. The navigation information is obtained in frames. The differences 
between consecutive frames are detected and accumulated, and this accumulated displacement 
value is representative of a position of the scanning device relative to a reference. The image 
20 data is then positioned-tagged using the position data obtained from the accumulated 
displacement value. To avoid the accumulation of errors, the accumulated displacement value 
obtained from consecutive frames is updated by comparing a current frame with a much 
earlier frame stored in memory and using the resulting difference as the displacement from 
the earlier frame. These larger displacement steps are then accumulated to determine the 
25 relative position of the scanning device. 

The above documents do only teach how to determine the position in a 
conceptual generation of navigation information. In this context the US patent 5,927,872 by 
Yamada uses the navigation information for a hand-held scanner disclosed in US patent 
5,644,139 by Allen et al. The invention according to Allen et al teaches navigation through 
30 comparison of pixels on a frame basis. 

A disadvantage with the current handheld printing devices originates from the 
inaccuracy of the printer-sensors providing positional information to the device as to its 
positioning on a printing medium. The type of position reading sensors currently utilized in 
such handheld and hand-operated printing devices have a deviation in accuracy for 
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agonal divergence of that magnitude is enough for providing either an overlap or . „ 
b etwee„ two subsequently printed sections of an image having sides interface each ^ 

of printed image sections or tightened due to a distancing between the same and the total 
image impression will thus be considerably impaired. 

There is always the possibility that a hand-held printing device a. occasmns „ 
positioned correctly for a subsequent sectional printon, of an image, but this is achieved more 
10 byohanoeandno.somuchbyexac.positionmg.l.mughsensorinfonnation. 

Accordingly, the lack of portability for printout quality cannot be satisfaoto^ 
for the market, from which demands for maintenance of a certain homogenous and acceptable 
L of printout quality probably will be put forth as essentia, requisites for the efficacy and 

neurogenous quatity-printing emerges, which should be accomplish* prerereMy — 
interfering with the structural smallness of the hand-held pnnung dev,ces as of current 
composition. 

Summary of the disclosed invention 

The present invention relates to a hand-operated printing device having a print 
head assembly for a hand-held and hand-operated printing on a print medium controlled by a 
processor and a method therefore. One aim of the present invention is to prov.de enhanced 
image quality for printouts accomplished by the assembly. 

Hence, the present invention sets form a hand-held and hand-operated random 
movement-printing device controlled by a, least one processor, and having a prmt head 
assembly comprised in a housing. Thereby it comprises: 

at least one position sensor means, sensing the position of the pnnbng dev.ce on 
a print medium in relation to pixels to be printed; 

a memory, storing at .east one image with its mutual image pari coordmate 

^ aprmt-headareayprevidedwimnozdes.forprmtingimagepixe.sontomeprint 
medium in accordance with the pixel coordinate data during a printing sequence; wherem 
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the image being built-up through sectional printing whereby eaoh section has at 
.east one print area interfacing a. least one other print area, said interfacing print areas being 
correlated to fill-out transition print areas during printing of said sections through at least one 
transition printing pattern by omitting printing of some pixels in said ^ 
5 m one embodiment of the present invention, said omitted pixels m sam transmon 

area according to said printing pattern are randomly distributed. 

One embodiment comprises that said omitted pixels in said transmon area 
accordingtosaidprintingpattemaredistributetiaceordmgtoamathematicd^ 

Another embodiment comprises mat said omitted pixels in satd transmon area 
10 are distributed according to a pre-stored printing pattern. 

A firmer embodiment comprises that the probability of a ptxel bemg prmted 
within the transition area of an image section is decreasing towards that peripheral side of the 
ttansitionareafacingasideofanhnagesectionforsubsequentpnnttng 

A still further embodiment comprises mat a pixel is printed wrthm the transmon 
1S area when both the image-pixel and the corresponding pixel of the transition pattern have a 

value TRUE ^^^j^ embodiment comprises that a pixel is omitted within the transition 
area when one of an image-pixel and the corresponding pixel of the transition pattern have a 

value FALSE for printing. 

A ye. further embodiment comprises that a variable range of the outermost 
positionednozzlesinmearrayarearrangedtoprovidemetransitionpattem. 

A still further embodiment comprises that the 5-20 outermost portioned nozzles 
at each end of the array are arranged to provide the transition pattern. 

Ye. one more embodiment comprises that the transition pattern provtdes a 
dually decreasing probabiUty of pixel printing .he further out me nozzles are loca.cn a. 

each end of the array. . . , 

Yet a further embodiment comprises that an earlier onutted ptxel ,s prmted 

Yet an embodiment comprises that the print head is of the mk-je. type havmg 
nozzle channel arranged for spraying ink dropiets from an associaKd ink co„.ainer on.o tire 
print medium in accordance with the pixel coordinate data. 

Furthermore the present invention sets forth a method for a hand-held and hand- 
operated random movement-printing device continued by a. least one processor, andhavmg a 
print head assembly comprised in a housing. It comprises the steps of: 
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Printed; storing a, .east one image with its mutual image pixel coordinate data in a 
printing image pixels through nozzles in a print-head array onto .he print 
theinrageheingbuilt-upthroughseedonalprinungwherebyeaehseouonhasa 
least one print area interfacing at .east one other print area, said mterfacmg pnnt are. e. 
correlated to till-out transition print areas during printing of said seetrons too.gh t^ast one 

The method of the present invention is ab.e to perform method steps of the 
above print deviee embodiments in aeeordance with attached method sub-c.aims. 

Brief description of the drawings 

Henceforth reference is had to the accompanying drawings for a better 

Fig. 1 illustrates a perspective view in section of a pnntmg devrce that may b 

u«?ed in the present invention; . 

Fig. 2 illustrates a perspective view from underneath of a prmtmg dev.ce 

^ gt0 ;T,4— esaperspectiveviewofanomer embodiment foraprintingdevice 
25 ^ Z »:rie view of a shnpler printing device that may be 
^'Z^la Uyinus^asensor^^-maybeusedm 

™ censor that may be used in the present invention; 

30 sensortha ^ _ a ^ parameters for a print-head nozzle posmon, 

Fig. 9 illustrates one embodiment of a traction pattern for image pnntmg m 
sections with a handheld and hand operated printing device in accords wtth the present 
invention. 
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Fig. 10 and 11 respectively shows the same image, printed in sections with and 
withon. using a transition pattern in accordance with the present invention. 

Detailed description of preferred embodiments 

The present invention relates to a handheld and hand operated printing dev.ce 
havingaprint head assembly and a method therefore, so called Random Movem^Pnntmg 
Technology (RMPT), for sectional printing of an image on a print medinm. The pnntmg 
I vice anTmTd providing enhanced, homogcneons and to a certain degree pr— 
prinlou, quality by means of a printing transition pattern ntilized m the transthon *eas 
between associated section-sides of the printed image. Thereby, a smoothenmg on, o 
Regularities and discrepancies dnring printing, dne to positional deviation regardmg the 

He achieved withont compromising the structure, composition of tire pnntmg dev.ce, ,e. 
withont enlarging it, for example by providing better-qnality sensors. 

Fig 1 to Fig 1 0 disclose or relate to a handheld printer device as descnbed * ttta 
Swedish patent application 0102542-S by Waning no, ye, published, which substitutes boti. 
L mechanical conttol of a print-head and forward feeding of a print-ou, 
.novements on a printing surface. This enahles a manufacturing of a pnnter dev.ce, ha™* 
,esswid«h than the actual printout, and a reduction of the total of me.han.ca, component 

user to print from small portable devices such as a cellular phone, a portable PC, * j^^^ 
digital Listance (PDA) or the like, and other portable electronic devtces or for election, 
stomping printing of small texts, tags, addresses, cutting and chppmg. 

By fixing a print-head in a construction plate where one or more po,tiomng 
sensor ,eans are fixed as we,., it is possible to obtain a geometrical — — ^ 
and y- coordina,e system and to establish, with great mathematical accuracy, the coordmates 
and y for each individual ink-jet opening/nozzle in the print-head. 

The coordinates, during a time frame, constitute the pounds for an accurate and 
precise spraying of ink-drops onto a printing surface according to a predetermined pnntmg 
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Fig i and 2 illustrate a hand operated printing deviee eomposed by a 
construction/design body 1 and a print-bead 2 which interne, witb one or .ore optieal 
positioning sensor means 3, a tniero eontroller eireni, 4, a commutation umt 5 to — 
Ldata, one or more oonrmand bnttons 6 a eonBol screen, and a aonree of energy, m tb.s ease 

5 abatteryS. ^ tQ Rg , md 2 Utetr ate the different eomponents of 

a printing deviee fixed to a printed eireni. eard, which simultaneously functions as a 
oLruction surface where those componen«s are fixed. An elevation in the —on 
secures «ha« tire .owes, surface of the printing device does no, touch the area where then* has 

10 been previously applied provided drat the printing deviee is removed from that area 

patterns which are sen, via me communication unit 5 to a da,a memory, for example, one 
"I hisbuil, into themicrocontroher circuit 4. With the assistance of a built-in posttionmg 
sensor means 13 and one of the command buttons 6 the coordinates are ; mdteate d * - 

Hgh, emi ting diodes (LED), fighting np me printing frame so « me optica P— 
sir means are ac,iva,ed and ,hen me forward feeding of me coordma«es ,o me ml cro 
controller circuit can take place. 

When me positioning sensor means 3 and the print head2 are fixed m relation to 
20 each other, a geometrical construction with all the necessary parameters for a mamematieal 
calcnlationofmecoordina,esof,heprin,head2canbeaclneved. 

m , rfcro eonttoller circnit 4 contains a software program, whtch uses the 
incoming data from the positioning sensor means 3 and mathematical equations to oalemate 
in real time the coordinates for each individual ink-jet nozzle 12. 

Using the measures of two coordinates establishes the reqmred movement 
direction for each case. The time difference between two movements indicates the 



are 
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acceleration and speed required. Simultaneously all measurement and equations 
compared with the stored printing commands based upon coordmates equated from 

— - ^ s(age ^ ^ — drcuit has ^ nation to seize a 
decision. On a positive indication an eleettic impulse is generated in me piezo- or temm- 
electrical micro pumps in the concerned ink-Jet nozzles 12, whtch m turn sends on, mk,et 
drops onto the printing surface. 
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The printing commands are erased after eaeh eleetrio impulse so that even if the 
Mc-je, nozzles coincide with me previous coordinates no ink drops are sen, out to the exrsung 

Print0Ut ' Fig 3 illustrates how the different components of the printing device interact as 
we „ as reproduction of me geometrical forms established between the ink-jet nozzles 12 and 
the positioning sensor means 3. 

The embodiment according to Fig. 4 illustrates the pnnhng devrce w,.h a 
com P lemcntarydigi«alcameral4,forexample ; suchasaCCDe q uippedcamera. 

Fig. 5 illustrates another embodiment for printing of smaller text quantrtres or 
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This can be considered as an electronic labeling with a pre-programmed and/or 

programmable electronic stamp pad. 

^thisemhodimen.onlyoneposihoningsensormear.Jisusedandaccordm ly 

a simpler micro controller circuit 4 is needed, since the printing device only makes smaUer 

and relatively straight movements. 

The sensor/print-head device consists of two positron sensor means SO, SI and a 
print head array 60 mounted together as Fig. 6 illustrates. Fig. 6 iUushates further, the two 
Lsor means SO and SI in a feed relation to a print-head array 60 wrth mk- : et nozzles. Ho 

in the array 60, respectively. The sensor means SO, S, provide a s.gna, correspond** to 
m ovemen,sin x- and y-directions in a tirst coordinate system fixed to the respective 

to each other. Software keeps track of the assembly's position and angle relative to the paper 
coordinate system by integrating the movements given by the sensor means signals 

The new positions given the differential movements of sensor means SO, SI are 

calculated as follows: 

All position changes given in fire sensor means coordmate system must be 
transformed to position and angle of the sensor system in a paper or odrer prmt mednrm 
.ordinate system, here named as a second coordinate system. Smce *e d»*~2H* 
between the two sensor-means is fixed it is enough to know tire positron of one sensor means 
andtheangleoftheprintheadarrayrelativemthesecondcoordmatesystem. 

8 IU ustratedinFi,7, is a movement or navigation of the sensor pnnt-head 
assembly according to Fig. 6. The array 60 has beenmoved or navigated an angle alpha. The 
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upper most nozzle is depleted as Mast and the lower nozzle as Pnfirst, respeetively, in Fig. 7. 
Also the seeond eoordinate system is depleted with the two longer arrow axis m Fig. 7. 

In Fig 7 at least one of the sensor means is assigned a first eoordinate system, 
whereby one axis 62, preferably the x-axis, is directed threngh both sensor means SO, SI, and 
the other axis, preferably in a relation to the array 60, here in parallel to the array 

to Fig 8 the same movement as in Fig. 7 is depieted, bnt without the array 60. 
The Fig. 8 further depicts a first coordinate system on the coordinate axis 60 directed through 
the bom sensor means SO, SI. The firs, coordinate system, is in this embodiment duplicated, 
as indicated through the arrows on the axis 62, bnt as the distance between both sensor means 
0 SO SI is fixed only one of the first coordinate systems is needed for computation. 

" " " The movement of the sensor means SO or SI (it does no, matter which one) m 
,hc paper or prin, medinm second coordinate system a, an angle 'alpha' is calculated, m 
accordance with the present invention, as: 

deltaX - SODiffX • cos(alpha) - SODiffY * simalpha) 
5 deltaY = SODiffX * simalpha) + SODiffY * cos(alpha) 

Where SODiffX and SODiffY are the movements of the sensor means m x- and 
y-direotions respectively, in the sensor/print-head device, named first coordinate system. 

The angular change can be calculated as the difference of the sensor means y- 
movements in the sensor means firs, coordinate system multiplied by a constant that » 
20 determined from the disfcnrce between fire sensor means SO, 81. To simplify, the angle . 
m easured in units of one sensor "step" and the sine and cosine values are taken ftom tables 
thatareadjustedaccormngtotms.ThusSlDiflY-SODifiY.providestheanglechange. 

The movement in x-direcfion of sensor means SI is not used, the information ,s 
redundant since the sensor means geometry is fixed. 

When the position of one sensor means SO or SI and the tilt angle of the 
sensor/print head assembly alpha are known the positions of the print head nozzles can be 
calculated as follows, depicted in Fig. 7: 

The positions of the first and last nozzle are calculated as: 
PNfirstX = SOx + Ho * cosine(alpha) -Vo * sine(alpha) 
30 PNfirstY =S0y + Ho * sine(alpha) +Vo * cosine (alpha) 

PNlastX = SOx + Ho * cosine(alpha) -Ve * sine(alpha) 
PNlastY = SOy + Ho * sine(alpha) + Ve * cosine(alpha) 
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To calculate the positions of all nozzles, it is to start with the first nozzle 
positions and adding np the difference in , and .directions between the nozz.es 
Uvidingthex-andy-distancebetween the firs, andlast nozzle by the number of nozzles. 

PN(n)X = PNfirstX + n * deltaX 

PN(n)Y = PNlast + n * deltaY 

where 

deltaX = PNlastX - PNfirstY 

deltaY = PNlastY-PnfirstY >t . 

fo accordance with the teaching it sets forth a sensor and ink-jet pnnt-head 
assembly comprised in a housing 1 for a hand-held and hand-operated printing dev.ce 
—edbyaproces^ 

two position sensor means SO, SI at least one t>c 

62 in a direction through both sensor means; 

a print-head array 60 attached in a fixed position to the sensor means SO SI , 
ioput means 6 on the housing connected to the processor for mpu. of control 
commands; 

. determining means for reference coordinates in a second coordinate sy tern 
p rovi ded in relation to a print medium, tire reference coordinates being estabhshed by 

integrating means for keeping trackofthe assemblies posttron related to the 
reference coordinates in the second coordinate system by migrating 
displacement of the sensor means position in the first coordinate system; 

" computing means for ttansfotming the sensor means SO, SI coordmatesm 

coordinates in the second coordinate system, whereby fire assemblies posttmn on the prmt 
medium is determined in relation to the reference eoordmates. 

Sensor means and print-heads that are suitable for the present mvention are wri 
^own in the art and described in for example US paten, 5,927,872 by Yamada, US patim 
^33 368 Bl by Badya, e, al, and US patent 5,644,139 by Allen et al. Sensor means « .be 
! Z from Aailent www^gUentxom. Another sensor means has tire product name HDNS- 

. , „ m ^eans that are to cooperate together wim a 

means in this description can comprise known means 

sensor itself, for example, LED'sor only be sensors or an array ofsensors. 
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,«~„tiv utilized in known handheld and 
The type of position reading sensors currently utilized in . . 

printed hnage. The human eye easily de.ee, a ^ of about 0,5- 

bl ac to ess in a printed image and a positional dl ve Ig e»ee f the « * 
1% , is elearly enough for providing either - ^ 

' • . w this will be accomplished more by chance and 

. — — ■ ~r ;t«^. • • — - 
---riz; ™— 

via printer-inherent software. The pixels, whien ar 

aoeording to the stored pixel data « * e — ^stored pixel 

are eonsequently printed drereon at positions eorrespondmg to ten mu 

toage. Image pixels are then, in a preferred embodunent 
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droplets from an ink container, printed onto the medium through for example a total of 128 

Z "—/sides. The .23 nozzle channels ,2, in one embodhnent o «. 
riu, fori a single pixel eohunn extending in the vertical — 

or aerated according to a mathematical algorithm, also con.ro, t e prmtmg o —o 
JL through the selected number of outermost positioned channels at each end of the pnn 

rrr y rhe P ixeu ^^y^ -» 

"In both .he selected memory-stored image-pixe, and the correspond, ptxe 
5 of the tiansition pattern are present i.e. when both me eorrespondmg mxe !s tave av.u 
TRUE for printing. In cases where either of the transition pattern or stored nnag^nxel » 
ZTixel is omitted during that printing sequence. An earlier printed mxel wtll not 

Jarray of nozzle channels on the device is repeatedly swept across the location of ^ 

transition areas can then be printed in accordance with their respective ptxel comdm. 
m fr om storage in the memory. The pmviousiy prmted pixeK whtch toge^er form dte 
r« Ipiete printout of the image, are then, in one embodiment of the mvention 
25 Z- L rating as their respective coordinate data are deleted * = <> ™ 
their respective initial printing and that coordinate data can therefore not be referred aga, 

30 toftefirstmemoryspaceagamforrepeatetiprintingofthefnUhnagelater. 

Fig . 9, according to one embodiment of the present mvention, .Unstia.es a pre 

f , he orint head array 60 and is intended to appear randomly generated. The probahthty 
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Mlu mn — - lower end .hereof. * the uppermost row of pixels tire pr« for 
printing a pixel is 15/16 and tire nnnrber of pixels for printing deereases hneariy to a 
robabLy of me for pixel printing a, tire — end, which r^esen* " 
; pattern has a total of 7 or 8 pixels for printing and has a printing panern drffernrg tonr the 

to lowermost side of the column, cannot he printed and in column n + l, prxels f-4, 6 S10 
and 13 cannot he printed according to the pattern. Hre tiansition pattern rs then rrculariy 
repeated starting ftom column n + 16, having an identical printing pattern as that of column n. 
0 During a printing seance, aU pixels in a singfe or multiple transrtton pattenr 

column, for example column n or columns n and n +1 , are printed simuUaneously grven tira 

Fig lOand 11 respectively show two printouts ofthe same .mage, both prmted 
5 in sections with a handheld and hand-operated printer. Fig. 10 depicts tire image prmted 
Lou, using a transition pattern and interfacing image section sides of the prrntou, men 

ttansition pattern in accordance with the present invention and tire tranamon areas ~ 

subsequently printed image sections are then hardly discernible, the transmon pattern thus 
20 llg Ja high quality printing with such handheld - ^^^2 

positions, deviation of the device on the printing medium due to maccurate data from the 

printer sensors during aprinting sequence. 

in one embodiment of the present invention, the 5-20 outermost posmoned 

nozziechannelsateachendofmearrayamarrangedmprovidemettansitionpattem. 
25 in another embodiment ofthe present invention, a pixel rs onutted from pnnturg 

Lected memory-stored image-pixe, and the corresponding pixel as of tire transmon pattern 

30 i ' rePrcSent ' baB bod ta ^«f1i- I ^<^-^^^^- , ^ t 
ink container has been mentioned. However, the invention shou.d not be limited to mk-iet 

print heads as well. 
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It is appreciated that the means used in the present invention are hardware 
means or software means or a combination of both. 

The present invention is not restricted to given embodiments or examples, but 
the attached set of claims define other embodiments for a person skilled in the art. 



